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ABSTRACT
Total cross sections of n* and k* on
protons and deuterons have been measured at

5¢, 100, 150 and 200 GeV/c. All of the cross

sections rise with increasing momentum.
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In the preceding paper® were described measurements
of p and 5 total cross sections on protons and deuterons
at 50, 100, 150 and 200 GeV/c. With two gas differential
Cerenkov counters in the incident beam, the cross section for
another incident particle was measured simultaneously; the
second counter was used for pions and kaons seguentially. We
describe here the pion and kaon data, and give experimental
details only when they differ from the p, p case. The differ-
ences are firstly due to a small admixture of muons and elec-
trons in the particles identified as pions by the gas Cerenkov
counter, and secondly due to the effects of pion and kaon
decays.

Electrons in the gas Cerenkov pion signal were identified
by their characteristic signal in a 22 radiation length lead
glass Cerenkov counter placed downstream of the transmission
counters, At 150 and 200 GeV/¢, the contamination was less
than 0.1%, while at 50 GeV/c the gas Cerenkov counter could
cleanly separate pions and electrons. At 100 GeV/c, the
contamination depended on the gas Cerenkov pressure setting;
data taken for 100 GeV/c m had a contamination less than
0.1%, while for 100 GeV/c n+ it was 0.1%. The correction to
the cross section was determined using a special electron
run and checked with runs where the cross section was measured
with varying electron contaminations.

Muons, which were ~ 1% of the pions in the beam, were
identified by their ability to pass through 5 meters of steel

placed downstream of the transmission counters. Measurements
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made with different amounts of steel showed that 5 meters of
steel caused a negligible loss of muons, but adequate attenua-
tion of pions. A 7 0.5% correction to the pion cross sections
was necessary for particles produced by pions interacting in
the steel, escaping from its sides, but still giving a count
in the muon scintillation counter; the correction was deter-
mined using incident protons.

From these data, the number of muons in the pion beam at
the hydrogen target could be determined. 1In the case of kaons,
this measurement was used to determine the number of kaons
at the hydrogen target which was less than the number indi-
cated by the gas Cerenkov counter due to decays between the
Cerenkov ccunter and target.

The extrapolation of the partial cross sections to t =
0 was carried out using the expression:

2 3

0. = C + Cti )

i m SXP (Ati + Bti

where ¢y is the partial cross section measured by the ith

transmission counter combination subtending a maximum ti’ and

3 term was needed only

op is the total cross section. The Cti
for - and X' on deuterons; in the other cases no improvement
in the fit was obtained when it was added and so C was set
equal to zero.

Momentum dependent uncertainties for a particular incident
particle in the pion data are *0.25%, mainly due to uncertain-

ties in the muon and electron contamination. For kaons, they

are dominantly given by the statistical erroms. Overall
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momentum independent scale uncertainties are #0.5% for cross

sections on protons and *0.6% for cross sections on deuterons.
Results of this experiment are shown in Figures 1 and 2,

together with previous data?~7, and are listed in Table I.

The cross sections for nt and Ki all show a rise with increas-

ing momentum (the m P rise is about 3.5 standard deviations).
The cross sections for m°d shown in Fig. 1lb are equal with-

in our errors as required by charge symmetry. Averaging the

four momenta, we obtain o{(n"d)/c{r*td) = 1.0014 + 0.0019.

Using ﬂt d and ﬂi p cross sections, the parameter <r"2> in the

Glauber-Wilkin,®,° shielding expression can be derived, and

is shown in Fig. 1C and in Table I. This parameter appears

to be constant over our momentum range, averaging 0,039 mb-l.

We have used this value in deriving the kaon cross sections

on neutrons shown in Fig. 2C and Table I; a momentum indepen-

dent uncertainty of *0,7% is assigned to allow for uncertainties

in this procedure. The momentum dependence of the neutron cross

sections is very similar to those on protons.
Antiparticle-particle cross section differences are given

in Table I and shown in Fig. 3; note that a number ¢f uncer-

tainties common to both cross sections cancel in these differ-

ences. In all cases the differences can be fit by the form

sa-l

A : using our data only, we obtain o = 0.60 + 0,10, 0.45 %

Cypm = 0,4+ and ¢ 9 "

0.07 and 0.39 = 0.08 for cﬁ_p - Ot K~p K*p K

pl'
Oxtq respectively.
There are a number of relations between total cross sec-

tions predicted by quark and Regge Pole models; Denisov et al.®
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tested them with data up to 65 GeV/c and found general agree-
ment. Our data up to 200 GeV/c also shows general agreement
with these relations.
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R. Miksa, G. Munoz, H. Sauter and H. Vaid for technical
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tance; and C. Ankenbrandt and M., Nihilani for computing
assistance, We are indebted to the Fermi National Accelerator
Laboratory staff, in particular those of the Meson Department
and the Cryogenics Group, for the considerable help given to

make these measurements possible.
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FIGURE CAPTIONS

Figure 1l: Results of this experiment, together with
previous data.
a) Total cross sections for 7% on protons;
b) Total cross sections for n* on deuterons;
¢) Values of the parameter <r~2s,
Momentum dependent errors only are shown. Previous
data are from References 2-7r 10.

Figure 2: Results of this experiment, together with previous
data for total cross sections of
a) Kt on protons;
b) Ki on deuterons;
¢) K* on neutrons.
Momentum dependent errors only are shown. Previous
data are from References 2-7.

Figqure 3: Results of this experiment, together with previous
data, for total cross section differences o - =

P

o G, - - 0K+p, oK-d - °K+d and o_~_ - C

References as for Fig. 2.
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